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Project overview: AIN/GaN heterostructures offer the highest possible 2D electron gas
concentration with reasonable mobility while the thinnest possible barrier in single
heterostructure based HEMTs. As a result, they are very attractive for ultra-scaled high-speed
GaN transistors (f/fmax > 300 GHz). Indeed our group was the first to demonstrate promising
results of AIN/GaN HEMTS: 14 of 2.3 A/mm, g, ¢ of 480 S/mm and g, ;n, of > 1 S/mm, and
extrinsic f/fma Of 52/60 GHz. [Zimmermann 2008 IEEE EDL] However, it has been
challenging to harvest these properties due to ohmic contact formation, gate leakage and lack of
effective back barriers. In this program we focused on the following tasks and achievements.

A. Successful development of an ohmic regrowth process by MBE to achieve a contact
resistance from metal to the 2DEG R, < 0.1 ohm-mm in GaN HEMTs.

Future direction: to improve this process in AIN/GaN/AIN quantum well HEMTs.

B. MBE growth studies of AIN/GaN/AIN multiple heterostructures to achieve sharp
interfaces, confirmed by both structural and electrical characterizations.

Future direction: to understand limiting factors of the currently observed low electron
mobility < 1000 cm?/Vs.

C. Study of interface property between ALD oxides and AIN/GaN and observation of
interface charge most likely coupled with polarization charge in the heterostructure.

Future direction: to investigate gate leakage mechanism, ALD-oxide and Ill-nitride
heterostructures with mutually perturbed properties.

D. First demonstration of all binary n-channel AIN/GaN/AIN quantum well (GaN-on-
Insulator) FETs. First demonstration of all binary p-channel GaN/AIN field effect
transistors for complementary operation.

Future direction: to improve AIN/GaN/AIN complementary FETs and understand their
fundamental limits of operation in both 2D and 1D forms.

E. First demonstration of depletion-mode and enhancement-mode n-channel AINGaN
quantum wire (1D) FETs using top-down fabrication approach.

Future direction: to demonstrate improved AIN/GaN/AIN quantum wire FINFETS.

The research findings have been partly documented in three Ph.D. dissertations [Yu Cao 2010,
David Deen 2011 and Tian Fang 2012], 11 journal publications and 3 conference papers, which
are listed below.
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